Introduction {#Sec1}
============

Upper and/or lower respiratory tract disease (URTD/LRTD) due to community-acquired respiratory viruses (CARVs) represent a significant cause of morbidity and mortality in recipients of allogeneic hematopoietic stem cell transplantation (allo-HSCT) \[[@CR1]--[@CR8]\]. Decreased absolute lymphocyte count (ALC) at the time of CARV infection is probably the main negative prognostic factor for progression to LRTD and is associated with an increased mortality after allo-HSCT \[[@CR6], [@CR7], [@CR9], [@CR10]\]. With this in mind, we can hypothesize that CARV infections in the umbilical cord blood transplantation (UCBT) setting, which is associated with delayed T-cell immune reconstitution, could be associated with greater morbidity and mortality than with other modalities of allo-HSCT. However, data regarding CARV infections after UCBT are lacking.

The aim of this study was to analyze the incidence of CARV infections, causative viruses, clinical characteristics, risk factors (RFs), and outcomes in a large series of adult patients undergoing UCBT.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

Between January 2007 and January 2019, 216 consecutive adult patients with hematologic malignancies who underwent myeloablative UCBT at our institution were included in this study. Eligibility criteria for UCBT and UCB selection have been extensively described elsewhere \[[@CR11]--[@CR13]\]. The institutional review board approved the clinical protocols. Written informed consent was obtained from all patients according to the declaration of Helsinki.

Conditioning regimen and graft-versus-host disease prophylaxis {#Sec4}
--------------------------------------------------------------

Myeloablative conditioning regimen consisted of thiotepa, busulfan, and fludarabine. Rabbit antithymocyte globulin (ATG) was also given, except for patients enrolled in clinical trials NiCord® or StemEx® (*n* = 14). Graft-versus-host disease (GVHD) prophylaxis consisted of cyclosporine combined with mycophenolate mofetil or a short course of prednisone \[[@CR14]\].

CARV infections management {#Sec5}
--------------------------

From 2007 to April 2016, patients with influenza virus infection were treated with oseltamivir 75 mg/12 h orally for 5 days. Recipients with persistent and severe respiratory symptoms and repeated influenza virus detection received a second course of oseltamivir. For recipients with respiratory syncytial virus (RSV) infection, only those with proven LRTD were treated with aerosolized ribavirin (2 g/8 h) until improvement. Patients with human parainfluenza virus (HPiV) infection were not routinely treated with ribavirin, except in cases with respiratory failure and oxygen support. From May 2016, oseltamivir 75 mg/12 h orally was given to recipients with influenza virus infection until resolution symptoms. In cases of severe pneumonia with oxygen requirements and/or prolonged shedding with persistent respiratory symptoms (\>3 weeks) an increased oseltamivir dose (150 mg/12 h) was given until resolution of respiratory symptoms. RSV and HPiV were managed according to our interventional protocol \[[@CR15]\]. Briefly, ribavirin therapy was instituted in recipients with LRTD caused by RSV or HPIV (aerosolized formulation), whereas recipients with URTD (oral formulation) had to score ≥ 3 points of the immunodeficiency scoring index (ISI) points and/or ≥2 RFs according to the ECIL-4 guidelines \[[@CR16]\], and/or present one or more co-infective virus(es) before starting ribavirin. Annual influenza vaccination was recommended to all patients after the third month following UCBT, except for patients with moderate to severe GVHD at the time of vaccination program who had received gammaglobulin, ATG or rituximab within the 3 months before the flu vaccine period. In these patients, vaccination was delayed at physician discretion \[[@CR17]\].

Definitions {#Sec6}
-----------

According to the ECIL-4 recommendations \[[@CR16]\], URTD was defined by the combination of upper respiratory symptoms along with identification of a CARV by microbiological test, and the absence of LRTDs symptoms and/or any indication of pulmonary infiltrates by chest X-ray or computed tomography scan. LRTD was classified as possible or confirmed as previously described \[[@CR18]\]. Possible LRTD was defined by the detection of a CARV in the upper respiratory tract in recipients developing new pulmonary infiltrates. Confirmed LRTD was defined when the above-mentioned clinical features were accompanied by isolation of the virus in tracheal aspirates or by bronchoalveolar lavage (BAL). Probable LRTD was not considered, since bronchoscopies were not performed in patients without radiological proof of pulmonary involvement. Progression of a URTD to an LRTD was defined as the onset of pneumonia in patients with a prior or concurrent URTD \[[@CR10]\].

Respiratory co-infection was defined as the identification of significant microbiological agents in the same sample as previously defined \[[@CR7]\].

Technical and diagnostic considerations {#Sec7}
---------------------------------------

All patients who had received an UCBT and had signs and symptoms of URTD or LRTD proceed to virologic evaluation. From January 2007 to December 2009, the CARV screening strategy relied on rapid detection test such as shell vial cultures (Vircell, Spain), direct staining by using monoclonal antibodies for the presumptive detection of RSV, influenza A and B virus, HPiV 1, 2, and 3 and adenovirus (ADV) (DAKO, USA) or by using an in vitro rapid immunochromatographic assay that detected RSV and Influenza A and B (Alere BinaxNOW®). From January 2010 to April 2016, first-line CARV screening test was based on rapid antigen detection for influenza and RSV through the automated Simplexa™ influenza A/B and VRS Direct assay (SPX, Focus Diagnostics). Patients with negative results in rapid antigen detection with impaired respiratory symptoms or requiring hospital admission underwent a second-line test based on a RT-PCR multiplex platform consisting on the CLART® PneumoVir DNA array assay (Genomica, Spain). This RT-PCR method can detect ADVs; human bocavirus (HBoV); human coronavirus (HCoV) types 229E; influenza A virus A/H1N1, A/H3N2; influenza B and C; human metapneumovirus (HMPV); HPiV 1, 2, 3, and 4; RSV A-B; and enterovirus/rhinovirus (EvRh). From May 2016, first-line CARV screening was performed by the CLART® PneumoVir DNA array assay and from July 2018 by BioFire FilmArray® Respiratory Panel (BioFire Diagnostics, Salt Lake City). This RT-PCR assay is able to detect 15 respiratory viruses: influenza virus types A, B, and C, ADV, HCoV HKU1, NL63, 229E and OC43, HMPV, EvRh, HPiV types 1--4 and RSV, as well as three bacteria: *Mycoplasma pneumoniae*, *Chlamydia pneumoniae,* and *Bordetella pertussis*.

Statistical analysis {#Sec8}
--------------------

The primary endpoint was to determine the incidence of CARV infection as well as RFs for CARV progression to LRTD. Secondary endpoints were to identify RFs for developing CARV infections and its effect on non-relapse mortality (NRM) and all-cause mortality and overall survival (OS) at day 60 after the identification of CARV infection.

For cumulative incidence of CARV infection and its impact on the NRM after UCBT we accounted for the first CARV episode, whereas for RFs analyses of CARV LRTD progression and day 60 all-cause mortality and OS we include all CARV episodes that occurred in recipients who were relapse-free at the time of CARV detection. The probabilities of posttransplant events such as CARV infection, acute and chronic GVHD, engraftment, NRM, and relapse were estimated by the cumulative incidence method \[[@CR19], [@CR20]\]. Univariate analyses of posttransplantation outcomes were calculated using the Gray test \[[@CR21]\]. For cumulative incidence analyses of CARV infection, death in complete remission and relapse occurring before CARV were considered as competing events, while relapse was the competing event for NRM. The assumption of proportional hazards over time was tested for all posttransplant explanatory covariates using a time-dependent covariate by univariate Cox regression model. When a time-dependent covariate was included in the final models, multivariate analyses were carried out by Cox proportional hazards regression with inclusion of those variables with a *p* \< 0.1 in the prior univariate testing. To assess the impact of GVHD and CARV infection in UCBT outcomes (NRM and OS), these variables were analyzed as time-dependent covariates.

Univariate and multivariate analyses of the association of clinical and laboratory RFs with progression of CARV infection to LRTD, CARV infection day 60 mortality, and LRTD CARV day 60 mortality were calculated using logistic regression models. If odds ratio could not be generated because one group had zero events and the maximum likelihood estimation of the coefficient was infinity, the Haldane's correction was applied \[[@CR22]\]. For multivariate analysis, only variables with parameter estimates showing a *p* ≤ 0.10 in the univariate analysis were finally included. Two-sided exact *P* values were reported and *p* ≤ 0.05 were considered statistically significant. The probability of OS was estimated from the time of CARV detection using Kaplan--Meier curves \[[@CR23]\]. All statistical analyses were performed using SPSS and R.

Results {#Sec9}
=======

Patient, disease, and transplant characteristics {#Sec10}
------------------------------------------------

The main patient, disease, and transplant characteristics are shown in Table [1](#Tab1){ref-type="table"}. Briefly, the median age at time of transplantation was 38 years and 127 (59%) were males. Most of recipients had acute leukemia and myelodysplastic syndrome (84%). One-hundred twenty-five patients (58%) were transplanted in early phase. The majority of patients (91%) received ATG as a part of conditioning regimen. GVHD prophylaxis with cyclosporine and prednisone was used in 57% of patients. Except for six patients (3%) who received a fully matched 6/6 UCB unit, the remaining patients received a partially matched graft.Table 1Patients, graft- and transplantation related characteristics and outcomes.CharacteristicValueNo. of patients216Age, median (range)38 (15--59)Male recipient, *n* (%)127 (59)Diagnosis, *n* (%)  AL/MDS182 (84)  Chronic myeloid leukemia7 (3)  Chronic lymphoproliferative disorders19 (9)  Other8 (4)Disease status at transplant, *n* (%)  Early125 (58)  Intermediate53 (24)  Advances38 (18)Prior ASCT, *n* (%)16 (7)HLA compatibility, *n* (%)  6 of 66 (3)  5 of 636 (16)  4 of 6170 (79)  3 of 64 (2)Recipient CMV positive serological status before transplantation, *n* (%)164 (76)Female donor to male recipient, *n* (%)66 (30)Conditioning regimen, *n* (%)  TT + BU + FLU + ATG197 (91)  TT + BU + FLU19 (9)GVHD prophylaxis, *n* (%)  Cyclosporine A + prednisone122 (57)  Cyclosporine A + MMF94 (43)Median no. of CD34^+^ cells infused, ×10^5^/kg (range)1.6 (0.4--21.5^a^)Median no. of nucleated cells infused, ×10^7^/kg (range)2.8 (1.1--7.2)Transplant outcomes Neutrophil engraftment, *n* (%)190 (88)  Primary engraftment failure12 (5)  Early death before engraftment10 (4)Median days to myeloid recovery, days (range)  Neutrophils \> 0.5 × 10^9^/l20 (7--55)Acute GVHD  Cum. Inc. of aGVHD II--IV at 100 days, % (95% C.I.)45 (38--52)  Median onset, days (range)27 (4--124)  Cum. Inc. of aGVHD III--IV at 100 days, % (95% C.I.)17 (12--22)Chronic GVHD  Cum. Inc. of cGHVD at 5 year, % (95% C.I.)64 (57--71)  Median onset in days (range)145 (70--702)  Cum. Inc. of cGHVD Ext, % (95% C.I.)41 (34--49)NRM, % (95% C.I.)  At day +10015 (10--20)  At 1 year38 (32--45)  At 5 years46 (40--53) OS at 5 years, % (95% C.I.)23 (17--29)Median follow-up for survivors, days (range)2558 (139--4526)*AL* acute leukemia, *MDS* myelodysplastic syndrome, *ASCT* autologous stem cell transplant, *TT* thiotepa, *Bu* busulfan, *ATG* anti-thymoglobuline, *FU* fludarabine, *MMF* mycophenolate mofetil, *Cum. Inc* cumulate incidence, *C.I.* confident interval, *GVHD* graft-versus-host disease, *NRM* non-relapse mortality, *OS* overall survival.^a^A patient enrolled in an ex vivo expanded umbilical cord blood protocol.

Posttransplant outcomes {#Sec11}
-----------------------

One hundred ninety patients (88%) achieved neutrophil engraftment at a median time of 20 days. The cumulative incidence of grade II--IV acute GVHD (aGVHD) at 100 days was 45%. The 5-year cumulative incidence of overall chronic GVHD, relapse, NRM, and OS was 64%, 30%, 46%, and 23%, respectively.

Characteristics of CARV infections {#Sec12}
----------------------------------

Details of episodes of CARV infections are shown in Supplementary Table [1](#MOESM1){ref-type="media"}. A total of 114 CARV infections were observed in 62 (29%) recipients at a median time of 253 days (range, −1 to 2902) after stem cell infusion. Thirty-one (14%) recipients had one CARV episode whereas 31 (14%) had two or more episodes. Sixty-one (54%) episodes of CARV infections were limited to the URTD whereas 53 (46%) had LRTD involvement. The most common type of CARV identified was RSV in 46 (34%) cases, followed by EvRh in 32 (23%), and influenza in 31 (23%). As shown in Fig. [1](#Fig1){ref-type="fig"}, CARV infections predominated in the winter months (84 episodes, 74%).Fig. 1CARV infections.Type of CARV infection according to the month of detection.

The overall 5-year cumulative incidence of CARVs was 29% (95% confidence interval (C.I.), 22--35%) (Fig. [2a](#Fig2){ref-type="fig"}). The 1-year cumulative incidence according to the study period was 10% (95% C.I., 4--17%) from 2007 to 2009, 28% (95% C.I., 20--36%) from 2010 to April 2009, and 44% (95% C.I., 21--67%) the remaining period, respectively (*p* \< 0.001) (Fig. [2b](#Fig2){ref-type="fig"}).Fig. 2Cumulative incidence of CARV.**a** Cumulative incidence of CARV infection after UCBT in the entire cohort. **b** Cumulative incidence of CARV infection according to the UCBT period.

Risk factors for CARV infection and NRM {#Sec13}
---------------------------------------

Univariate and multivariate analyses of RFs for NRM and development of CARV infection are shown in Table [2](#Tab2){ref-type="table"}. Multivariate analysis identified prednisone-based GVHD prophylaxis (Hazard Ratio \[HR\] 2.3, 95% C.I., 1.3--4, *p* = 0.003) and grade II--IV aGVHD (HR 2.4, 95% C.I., 1.4--4.1, *p* = 0.001) as the only independent variables.Table 2Risk factors for CARVs development and NRM: univariate and multivariate analyses.VariablesCARV\
(*n* = 216)NRM\
(*n* = 216)Fine and Gray test\
(Univariate analysis)Cox Regr.Univariate analysisCox Regr.CI (95% confidence interval)*P*HR*P*CI (95% confidence interval)*P*HR*P*Recipient age, years  ≤3825 (17--33)0.142 (33--51)0.3  \>3834 (24--43)51 (41--61)Diagnosis  AL28 (22--35)0.646 (39--54)0.9  Others37 (17--56)46 (27--65)Diagnosis status at transplant  Early32 (24--41)0.244 (36--53)0.4  Others25 (16--34)49 (39--60)Prior ASCT  No24 (19--30)0.943 (36--50)\<0.0012.1 (1.1--3.8)0.01  Yes25 (4--46)100HLA compatibility  4/628 (22--35)0.747 (39--54)0.9  \>4/634 (19--49)45 (30--60)ATG as part of conditioning  No26 (7--46)0.929 (8--51)0.1  Yes28 (21--34)48 (41--55)Infused CD34+, ×10^5^/kg  \<1.625 (17--34)0.346 (36--55)0.8  ≥1.631 (23--43)47 (38--57)Infused TNC, ×10^7^/kg  \<2.824 (16--32)0.148 (38--57)0.7  ≥2.833 (24--42)45 (36--55)GVHD prophylaxis  PDN35 (26--43)0.022.3 (1.3--4)0.00352 (43--61)0.081.5 (1--2.3)0.05  MMF22 (13--30)39 (29--49)aGVHD grade II--IV^a^1.7 (1.1--2.7)0.0082.4 (1.4--4.1)0.0013 (2.2--4.1)\<0.0011.7 (1.1--2.6)0.01aGVHD grade III--IV^a^1 (0.6--1.6)0.92.8 (2.2--3.6)\<0.001NTCARV3.4 (2.3--5)\<0.0011.8 (1.1--2.9)0.009Results are expressed as HR from univariate COX. Regr model.*AL* acute leukemia, *PDN* prednisone, *MMF* mycophenolate mofetil, *GVHD* graft-versus-host disease, *ASCT* autologous stem cell transplant, *ATG* anti-thymoglobuline, *NT* not tested in the multivariate, since grade III--IV acute GVHD is a subcategory of grade II--IV acute GVHD.^a^Analyzed as time-dependent covariates.

Regarding NRM, the variables associated with increased mortality were: ≥1 previous autologous HSCT (HR 2.1, 95% C.I., 1.1--3.8, *p* = 0.01), prednisone-based GVHD prophylaxis (HR 1.5, 95% C.I., 1--2.3, *p* = 0.05), grade II--IV aGVHD (HR 1.7, 95% C.I., 1.1--2.6, *p* = 0.01), and development of CARV infection (HR 1.8, 95% C.I., 1.1--2.9, *p* = 0.009).

Risk factors for progression to LRTD and for day 60 mortality {#Sec14}
-------------------------------------------------------------

Univariate and multivariate analyses of RFs for CARV infection progression to LRTD and for day 60 mortality are shown in Table [3](#Tab3){ref-type="table"}. The following two independent conditions were associated with progression to LRTD: 2007--2009 period (OR 8, 95% C.I., 1.7--37.8, *p* = 0.008) and ALC \< 0.5 × 10^9^/L (OR 3, 95% C.I., 1.1--8.9, *p* = 0.03). Multivariate analysis also identified ALC \< 0.5 × 10^9^/L (OR 8.4, 95% C.I., 2.2--32.4, *p* = 0.002) and proven RVI LRTD (OR 4, 95% C.I., 1.3--12.7, *p* = 0.016) as independent factors associated with day 60 mortality. A subanalysis of 60 day mortality in patients with LRTD due to CARV only identified ALC \< 0.5 × 10^9^/L as independent factor (OR 15.2, 95% C.I., 1.7--132, *p* = 0.013).Table 3Risk factors for LRTD progression and mortality at 60 days: univariate and multivariate analyses.VariablesLog. Regr. CARV progression to LRTD\
(*n* = 114)Log. Regr. CARV day 60 mortality\
(*n* = 114)Log. Regr. LRTD CARV day 60 mortality\
(*n* = 53)Univariate analysisMultivariate analysisUnivariate analysisMultivariate analysisUnivariate\
analysisMultivariate analysisOR (95% C.I.)*P*OR (95% C.I.)*P*OR (95% C.I.)*P*OR (95% C.I.)*P*OR (95% C.I.)*P*OR (95% C.I.)*P*UCBT periods  2007--20096.2 (1.5--25.4)0.018 (1.7--37.8)0.0082.8 (0.2--33)0.40.4 (0.02--8)0.5  2010--20163.3 (1.1--9.8)0.03NS5.6 (0.7--45)0.12.1 (0.2--21)0.5  \>2016111ATG as part of conditioning10 (1.2--82.5)0.03NS5 (0.3--88)^a^0.21.1 (0.04--29.3)^a^1GVHD prophylaxis with PDN0.8 (0.3--1.9)0.61.9 (0.5--7.3)^a^0.33 (0.5--5.4)0.1NSOn IS1.7 (0.5--5)0.38.1 (0.5--141)0.1NS5.6 (0.3--106)^a^0.1NSALC \< 0.5 × 10^9^/L3.3 (1.5--7.4)0.0023 (1.1--8.9)0.0311 (2.9--40.8)\<0.0018.4 (2.2--32.4)0.00218.6 (2.2--157)0.00715.2 (1.7--132)0.013ANC \< 0.5 ×10^9^/L1.1 (0.4--3.2)0.73.5 (1.1--11)0.03NS4.8 (1.1--21.8)0.03NSAge ≥ 40 years1.3 (0.6--2.8)0.41.5 (0.5--4.2)0.41 (0.3--3.5)0.9Active GVHD at time of CARVs2.7 (1.2--5.8)0.01NT1.7 (0.6--4.9)0.21.1 (0.3--4)0.8Corticosteroids2.1 (0.9--4.7)0.06NT1.9 (0.5--6.2)0.21.2 (0.2--5.4)0.7CARVs co-infection0.6 (0.2--1.0)0.41 (0.2--4.1)0.91.1 (0.1--6.6)0.8CARVs \< 6 months after UCBT1.2 (0.5--2.6)0.53 (1.1--8.4)0.03NS1.6 (0.4--5.4)0.4ISI  Low risk111  Moderate risk1.4 (0.5--3.7)0.41.1 (0.2--4.5)0.90.7 (0.1--4.8)0.7  High risk3.7 (1.1--12.1)0.02NS3.1 (0.7--14)0.12.7 (0.4--17.4)0.2RVI LRTD  All5.1 (1.5--16.7)0.007NS  Possible0.8 (0.2--3)0.7  Proven6 (2--17.3)0.0014 (1.3--12.7)0.016*C.I.* confidence interval, *Log. Regr* Logistic regression model, *OR* Odds Ratio, *PDN* prednisone, *MMF* mycophenolate mofetil, *ATG* anti-thymocytic globuline, *RVI LRTD* respiratory virus lower respiratory tract disease, *IS* immunosuppressants, *GVHD* graft-versus-host disease, *ISI* immunodeficiency score index, *ANC* absolute neutrophil count, *ALC* absolute lymphocyte count, *NS* not significant, *NT* not tested in the final multivariate model since they were included in the ISI score.^a^Haldane's correction applied.

Causes of mortality and overall survival by day 60 after CARV infection {#Sec15}
-----------------------------------------------------------------------

Crude 60-day mortality after CARV infection was 16%, with a median time to death of 26 days (range 6--53 days). Causes of mortality were respiratory failure attributable to the LRTD in 13 cases, two GVHD, one septic shock, one hematological relapse, and one intracranial hemorrhage. Differences in mortality according to the type of virus involved were not statistically significant (data not shown).

Day 60 OS for patients with URTD and LRTD was 93% and 74%, respectively (*p* = 0.004) and 96% for LRTD CARV with ALC \> 0.5 × 10^9^ vs. 55% for those with ALC ≤ 0.5 × 10^9^ (*p* = 0.001) (Fig. [3a, b](#Fig3){ref-type="fig"}).Fig. 3Survival outcomes.**a** Probability of survival after URTD and LRTD CARV in the first 60 days. **b** Probability of survival after LRTD CARV in the first 60 days according to absolute lymphocyte count.

Discussion {#Sec16}
==========

This study shows that CARV infections are common and represent a significant problem after myeloablative single-unit UCBT. We identified two independent RFs that significantly increased the susceptibility to CARV infections: the use of prednisone for prevention of GVHD and the development of grade II--IV acute GVHD. Our data supports that CARV infections had a negative effect on NRM after UCBT. Lymphopenia significantly increased the risk of progression to LRTD and both overall CARV and LRTD mortality. Proven RVI LRTD was also associated with higher mortality.

We found a CARV infection incidence of 29% in UCBT recipients, which is comparable to those reported in other series with other stem cell sources \[[@CR10], [@CR24]\]. In contrast, our incidence seems significantly higher when compared with studies conducted before the multiplex PCR era \[[@CR6], [@CR25]\]. In fact, we observed in our series that the CARV incidence increased as we introduced more sophisticate and sensitive CARVs screening tests (10% with rapid cultures, 28% with rapid antigen detection technics, and 44% with multiplex PCR platforms, Fig. [2b](#Fig2){ref-type="fig"}). This observation emphasizes that efforts in screening CARVs with highly sensitive technics are required to better understand the real epidemiology and incidence of CARV infections after UCTB.

The most common identified CARV causative agent was RSV followed by EvRh, influenza, and HPiV. These relatives incidences are most probably a direct consequence of the use of several CARV screening test in different periods with different sensitivities and should not be used as a realistic epidemiological data. As we previously reported, EvRh is the most common circulating CARV in the allo-HSCT setting when multiplex PCR platforms are used \[[@CR8]\]. In contrast, we provided seasonal data which is consistent with prior reports \[[@CR8], [@CR26]\] supporting that most of CARV infections after UCBT occurred during the cold months (from October to May).

We identified the use of prednisone as GVHD prophylaxis and developing grade II--IV aGVHD as the main RFs for increased susceptibility to develop symptomatic CARV infection in UCBT recipients. These findings are not surprising since it is well-known that corticosteroids and moderate to severe GVHD increased the risk and severity of viral infection \[[@CR27]\].

Importantly, near a half of UCBT recipients with CARV infection progress to LRTD supporting the profound immunosuppression status of UCBT recipients. Because 79% of our UCBT recipients who develop LRTD undergo BAL examination, the observed results of LRTDs by CARVs are probably an accurate measure of the true frequency of these infections. We identified lymphopenia \<0.5 × 10^9^/L as risk factor for progression to LRTD. This finding is somewhat expected since lymphopenia was the main risk factor for LRTD progression in several studies \[[@CR6], [@CR7], [@CR9], [@CR10]\]. Another relevant finding was that the earlier period of UCBT (2007--2009) was associated with higher probability of LRTD progression. This data suggest that the progressive introduction of more sophisticate CARVs screening technics could lead not only to an increased ability in detecting CARVs (and as a consequence observing a higher incidence of CARV) but more importantly that the use of less sensitive test may have produced a delay in the identification of CARVs in the URTD stage an thus a delay in the inception of antiviral drugs when available before the progression to LRTD. Finally, it is of interest to highlight that in approximately one third of the cases co-pathogens were detected, being striking the frequent co-pathogenicity with at least one respiratory virus, as also previously reported for other stem cell sources \[[@CR8], [@CR24]\].

We analyzed the consequence of CARV infections on NRM in our cohort of UCBT recipients, identifying infections as the primary cause of NRM, which is line with most reports that analyzed mortality in UCBT \[[@CR28], [@CR29]\]. Our multivariate analysis showed an independent negative effect of CARV infections on NRM. Again, this finding supports that CARV infections are still of major concern in the UCBT setting and require urgent attention and efforts to improve outcomes.

T-cell immune reconstitution is of utmost importance for viral infectious disease and in the UCBT setting T-cell reconstitution is challenging \[[@CR30]\]. In this sense, lymphocytopenia was independently associated with both overall CARV infection and CARV LRTD day 60 all-cause mortality. It should be highlighted, that most studies performed to date focusing on immune reconstitution following UCBT for hematological malignancies, have demonstrated extremely severe T-cell lymphopenia that extended all throughout the 1st year \[[@CR31], [@CR32]\], as a risk factor for severe disease, which is in accordance with previous observations for other viral infections such as CMV \[[@CR33]\]. In our study, mortality from LRTD was relatively low and 16% died of any cause within 60 days from diagnosis of CARV infection. Usually occurred in the presence of aggressive co-pathogens (10/17 deaths). However, we could not provide evidence in the multivariate analysis that CARV LRTD with bacterial co-infections displayed a negative effect in mortality. In addition, we were not able to provide evidence of the clinical usefulness of the ISI score in predicting mortality in multivariate analysis in the CARV and LRTD CARV cohorts in the setting of UCBT.

We acknowledge that our study has some limitations that include the retrospective design, changes in transplant practices over time and the inclusion of different CARVs screening technics in different periods. However, the single-center nature and the inclusion of patients through the era of PCR should be regarded as strength. In addition, our series received a relatively homogeneous conditioning regimens and supportive care, including monitoring, management and supportive care of CARV infections. Our study allowed us to observe a number of potentially therapeutically relevant observations and provide novel data on the occurrence of CARV infections in this setting.

In conclusion, we observed a relatively high incidence of CARV LRTD in recipient undergoing UCBT. CARV infections showed a negative effect on transplant outcomes. The identification of RFs for CARV infections, LRTD progression and mortality provide an awareness of this risk and prevention strategies against LRTD are necessary. These strategies may include an adherence of visitors and staff to hand-washing routines, reducing the exposure of UCBT patients to infected individuals, vaccination, and potentially antiviral prevention strategies in the future.
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